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FOREWORD 

In  the  late  19^0 's,  Generril  Electric  Company  sci- 
entists Irving  Langmuir,  Vincent  Schsefer,  and  Bernard  Vcn- 
negute  dencnstrated  by  laboratory  and  field  experiments  that 
certain  supercooled  clouds  which  would  not  naturally  yield 
precipitation  can  be  made  to  precipitate  moisture  artificial- 
ly.  These  experiments  caused  great  interest  in  the  possibi- 
lity of  incref'Sing  rainfall,  and  many  weather  modification 
projects  were  conducted.   Before  1951,  such  weather  modifi- 
cation operations  in  California  were  net  subject  to  state 
regulation.   However,  the  Legislature  of  1951,  in  order  to 
protect  the  public  interest,  health,  and  safety,  and  to  de- 
velop and  conserve  the  water  rescurces  of  California,  enacted 
a  law  governing  weather  modification  operations  within  the 
State  (Chapter  1677,  Statutes  1951).   The  statute  was  incor- 
porated in  the  Water  Code  in  1953  ^s  Chapter  ^,  Division  1, 
Sections  1+00  through  ^-15. 

The  State  V^ater  Code  Sec  tic  ns  governing  weather 
modification  projects  in  California  prescribe  procedures  for 
licensing  contrf^ctors,  and  for  initiating  and  reporting  a 
project.   Tiiese  sections  alsc  describe  special  cases  and  in- 
dicate penalties  for  violatjon  of  the  statute.   The  Depart- 
ment of  VJater  Resources  administers  the  Water  Code  provisions 
governing  v;eathor  Mc^iif ication  operations  in  Califcrnia, 

This  bulletin,  the  tenth  in  a  crntinuing  series, 
presents  a  description  of  weather  mociif ication  projects  and 


iii 


evaluation  techniques  in  California,  according  to  data  in 
notices  of  intention,  project  completion  reports,  and  pro- 
ject evaluation  reports  submitted  to  the  Department  under 
the  Water  Code  requirements.  A  list  of  weather  modifica- 
tion licensees  is  given  in  Table  1,  and  the  State  and  Fed- 
eral provisions  governing  weather  modification  operations 
are  included  in  Appendixes  A  and  B. 


William  E.  Warne,  Director 
Department  of  Water  Resources 
The  Resources  Agency- 
State  of  California 
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ABSTRACT 

During  the  196^-65  water  ye?r,  eight  licensees 
of  Calif crnia  conducted  10  cloud-seeding  projects.   The  pro- 
jects were  conducted  mainly  to  increase  surface  storage  for 
municipal  and  irrigation  uses,  for  use  in  recreational  faci- 
lities, and  use  in  hydroelectric  installations.   In  addition, 
some  projects  were  conducted  to  increase  ground  water  storage 
or  for  research  purposes.   Six  project  target  areas  were  lo- 
cated in  central  California,  three  in  southern  California. 
One  project  target  area  was  located  in  the  Northern  Sierra 
Mountains. 

A  total  of  15,239  hours  of  seeding  was  logged  for 
ground-based  equipment,  and  267.1  hours  for  aircraft.   Seven 
licensees  used  silver  iodide,  dispersed  from  ground-based 
generators,  aircrrft,  or  pyrotechnic  fusees  used  on  the  ground, 
as  a  nucleaticn  agent.   In  addition  to  silver  iodide,  one  li- 
censee dispersed  3^0  pounds  of  Dry  Ice.   One  licensee  used 
the  electric  discharge  method,  in  which  ions  discnarged  from 
stainless  steel  wires  act  as  a  nucleaticn  agent. 
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CHARTER  I.    PRECIPITATION 

Because  weather  mcdif ication  operations  in  some 
measure  reflect  precipitation  patterns,  statewide  precipita- 
tion for  19^^-65  water  year  is  briefly  summarized  below. 
Seasonal  and  monthly  normals  (averages)  are  based  on  the  30- 
year  period  1931-60. 

Statewide  precipitation  for  the  196^-65  season  was 
about  120  percent  of  normal.   The  extremes  varied  from  a  low 
of  29  percent  of  normal  at  Thermal,  in  the  Whitewater  drain- 
age of  the  Colorado  Desert  area,  to  a  high  of  167  percent  of 
normal  at  Twin  Lakes,  in  the  unpe:-"  American  River  drainage. 
Accumulated  inches  of  precipitation  over  the  12-months •  peri- 
od contrasted  widely  from,  a  statewide  lew  of  only  O.tM-  inch 
at  Thermal  to  a  high  of  137.^3  inches  at  Board  Camp  Mountain, 
near  the  western  ridge  of  the  Trinity  River  drainage. 

Precipitation  was  generally  well  above  normal  over 
the  northern  two-thirds  of  the  State.   The  North  Coastal  area 
averaged  about  I30  percent  of  normal,  Central  CoaEtal--105 
percent,  Sacramento  Valley--130  percent,  San  Joaquin  Valley-- 
110  percent,  and  the  Lahontan  area — 125  percent.   The  South 
Coastal  area  and  the  Colorado  Desert  area  received  amounts  of 
precipitation  slightly  below  normal,  having  about  a  15  to  20 
percent  deficiency  at  the  end  of  the  water  year. 

Precipitation  climbed  to  150  percent  of  normal  from 
October  through  December  196M-.   In  the  North  Coastal  area, 
slightly  less  than  half  of  the  total  rainfall  received  was 
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dumped  during  the  December  deluge  when  seme  stations  had  max- 
imum 2^-hour  totals  cf  about  15  inches  and  storm  totals  for 
six  consecutive  days  of  over  50  inches. 

Because  high  pressure  systems  dominated  the  weather 
pattern,  the  months  of  January,  February,  and  March  were  re- 
latively dry.   The  weather  circulation  pattern  changed  tempo- 
rarily during  April  as  a  series  of  four  storms  broke  through 
and  produced  monthly  totals  cf  about  200  percent  of  normal 
ever  most  of  the  State.   Stations  in  Southern  California  re- 
ported up  to  500  percent  cf  average  rainfall  for  April.   The 
spring  months  cf  May  and  June  were  predominantly  fair  with 
no  significant  precipitation. 

Precipitation  during  the  summer  months  does  net 
normally  have  a  significant  effect  on  California's  water  sup- 
plies. However,  moisture  laden  clouds  swept  into  California 
from  the  southeast  during  the  second  week  of  August  bring- 
ing unseasonal  amounts  of  precipitation  to  most  areas  of  the 
State.   Although  record  and  near  record  August  totals  were 
received  at  inland  stations  throughout  Northern  California, 
the  heaviest  amounts  were  recorded  in  Central  Sierra  and 
Cascade  watersheds. 


CHAPTER  II.    WEATH?:R  I-.CDIFICATICN  i- RC  JECTS 

Between  October  1,  19^^,  ?-nd  Septerr.ber  30,  19^5, 
the  Department  of  Vater  Rescarces  issued  13  werther  r.cdifi- 
cetic:n  licenses.   Eight  licensees  conducted  10  projects  dur- 
ing this  period.   Informs tion  submitted  to  the  Depr^rtment 
on  the  projects  varied  from  minimum  data  required  by  the 
State  law  to  detailed  project  completion  and  evaluation  re- 
ports.  These  detailed  reports,  in  addition  to  daily  legs, 
included  descriptions  of  storms,  physical  features  of  tar- 
get area,  equipment,  and  miethcds  of  evaluation;  and  photo- 
graphs, charts,  graphs,  maps,  and  other  infon  ation  of  spe- 
cial interest.   Tne  follcv/ing  project  description?  are  pre- 
sented according  to  data  in  notices  cf  intention,  and  pro- 
ject completion  and  evaluation  reports  submitted  to  the 
Department  by  licensees. 

Santa  Clara  Cloud  Seeding  Prcf;ram 

netv;een  Ucven.ber  1,  19"^^,  and  March  31 »  19^5,  the 
Weather  Kodif icaticn  Company,  holder  of  License  No. 6,  con- 
ducted weather  modification  project  operations  for  the  Santa 
Clara  Valley  Water  Conservation  District.   This  project  was 
conducted  in  order  to  regulate  precipitation  in  parts  of  the 
County  of  Santa  Clara.   Equipment  v;as  operated  in  Santa  Clara, 
San  i'iateo,  Santa  Cruz,  Monterey,  and  San  Benito  Couiities. 
Areas  adjacent  to  the  target  rirea  which  were  possibly  affect- 
ed by  the  project  were  parts  of  Alar-eda,  San  Kat^o,  Santa 


Cruz,  Kcnterey,  San  Benitc,  Merced,  Stanislaus,  and  San 
Joaquin  Counties. 

Twenty  ground-based  propane  generators  burned  a  5^ 
solution  of  silver  iodide  chemicals,  dispersing  silver  iodide 
at  a  rpte  of  25  grams  per  hour  per  generator.   A  Beechcraft 
Bonanza  aircraft  enuipped  with  a  flare  generator  which  burned 
silver  iodide  impregnated  fli;res,  disper.^i.i^  silver  iodide 
at  a  rate  of  30  grams  per  hour,  was  used  for  aerial  seeding. 
Because  the  aircraft  was  transponder  equipped,  it  v/as  possible 
to  get  instrument  clearances  to  fly  over  the  target  area. 
Thus  no  opportunities  for  seeding  were  missed.   Changes  in 
the  fir  re  generator  enabled  the  burning  of  two  or  three  flares 
at  the  same  tin.e,  increasing  the  output  of  silver  iodide  crys- 
tals.  The  ground-based  generators  were  operated  for  1876.8 
hours,  and  the  aircraft  for  35.2  hours  during  26  flights. 

Due  to  capacity  water  levels  being  reached  in  the 
reservoirs  along  the  western  side  of  the  target  area,  seeding 
activities  were  curtailed.   The  Santa  Clara  Valley  Water  Con- 
servation District  requested  the  Weather  Modification  Company 
to  terminate  seeding  in  the  Stevens  Creek  Reservoir  area  be- 
gining  January  7,  1965.   Between  February  h,    1965,  and  March 
25,  seeding  was  conducted  only  in  the  eastern  portions  of  the 
target  area.   Seeding  in  all  portions  of  the  target  area, 
excluding  the  Stevens  Creek  area,  was  resumed  on  March  26  and 
carried  on  until  the  end  of  the  project.   No  seeding  from  air- 
craft was  conducted  after  January  23,  1965. 

In  evaluating  the  project,  the  Weather  Modification 


Company  used  precipitntion  data  frcm  17  ccntrcl  stations  and 
25   target  prea  stations.   Avern^e  rxc.vihPl   rainfall,  based  en 
the  period  19^^  to  195'+,  v.'<- s  calculrted  for  both  ccntrcl  and 
tt'rget  stations.   A  conpr. risen  cf  norrr.al  averrge  target  rain- 
fall r.nd  ncrmal  averrge  ccntrcl  rainfall  inoicrteri  a  tarpet- 
contrcl  ratio.   Kultlplyinj:  the  average  seasonal  accurr.ulf tion 
of  precinitaticn  for  the  ccntrcl  strticns  by  this  rr. tic,  an 
estir.r.te  was  rr.ade  cf  rverage  accur  ulC'ticn  in  the  target  area 
withe  lit  seeding.   Comprring  the  estimate  vith  the  actual  aver- 
age accar.'.ulr- tion  in  the  tf  rpet  area,  it  was  found  that  preci- 
pitation increared  by  20. 1+9  inches,  about  1'^.^%   more  than  the 
expected  amount.   This  is  equivalent  to  approximately  776,000 
acre-feet. 

Kerr.  River  Watershed  Weather  Modification  Pro.iect 

Between  October  27,  19^'^,  and  April  9,  1965,  the 
Precipitation  Control  Company  of  California,  holder  of  License 
Kc.l2,  con-iucteri  v.'eatner  ir.ocif ica tion  project  operations  for 
the  County  of  Kern.   This  prefect  was  conducted  in  order  to 
increase  precipitr ticn  in  the  Kern  River  watershed. 

Prcject  equipr.ent  included  a  Cessna  31O  rircraft 
dispersing  silver  iodide  at  a  rate  of  approximately  1.5  ounces 
per  hour.  Tc.q   aircraft  was  operr  ted  for  100  hours  during  U8 
flights. 

IJnper   San   Jcaouin    River   Baro'n   '.Veathor   Kcdifjcaticn   Prc.iect 

between  Octoi.er  27,    V-eh,    and   July   17,    1965,    North 
Arr.erican  V/eathor  Consultants  of   California,    holder  of  License 
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Kc.l^,    crnJucted  vecther  rxdif icrtirn  prr;;ect  rperrticns  for 
the   Scuthern  Cnlifcrnln   Edison  Crmpany.      This   pre ject  wns 
ccnriu;:  tp."]   in  crJer   tf    increrse  pmciii  tntjon   in    tho   upj'er  Snn 
Jcpquin   Hivor  Bssin.      Equipr  ent  wrs   cnerfjted   in   the  vicinity 
cf  Manji'.cth  Peel,    Huntlnj:ton   Lake,    Shrver   Lake,    Florence  Lnke, 
ana  Krirer  Prss   rmd  adjacent  frr  thi].l    rrof-r   in   the   ccinties 
cf  Fresno   rnd  Kadera.      The   tr  rrot  prea   v;as   the   drainage   area 
cf   the   upper  San  Joaouin  River  and   its    tri but? ry   streams   in 
the   County  of   Fresnc  .      The   br. sin  cf   the   San  Joaquin  River 
above   Pcv/er   Hruse   Nr.H   and   adjacent  foothills  v'ere   also  pos- 
sibly affected   by   the  project. 

Project   equjpi'.ent   included   12   ground-based   genera- 
tors  einittjnc   silver   iodide   at   the   rate   of   6,7  grair.r   per  hour 
per  generator.      The  ground   generators  v;ere  operated   for 
h,^?,^  h(  urs. 

San   Benito    Co un t v   Wer: th e r  I-Io d i f i c a t i o n   P r o  -^ e c t 

*- 

between  January  1*^^,  1S65,  and  April  !>+,  19^5)  North 
American  Weather  Consultants  of  California,  holder  of  License 
No.l^,  conducted  weather  modification  project  operations  for 
San  Benito  County.   This  project  was  conducted  in  order  to 
increase  yrecipitatif n  in  the  County.   Equipment  was  operated 
in  the  Counties  of  Konterey  and  San  BenJtc.   The  ])roject  affect- 
ed areas  only  witiiin  San  Benito  County. 

Project  equipment  included  1^  ground-based  generators 
emitting  silver  iorlide  at  the  rate  of  6.7  grams  per  hour  per 
generator.   The  groun-i  gener.- tors  v;ere  operated  for  1,5^'^?. 5 


Mt.  Hooper  and  Seldon  Pass,  Upper  San  Joaquin  River  Basin 


hcurs   daring   the  project  period.      Kcst   Jrivs   cf   seenir.g   cccur- 
ed  during  Kerch  nnd  April. 

Artificial   Xucloaticn  Prrgrr-rr.   in   the  Ssn  Gnbriel   River,    Big 

Ta.'/xr.fj' ,    r.r. ':    F;cri:.r    urr'Tirrp   Br.rlr.s 

Betv/een  Noveiriber   9,    19*^^,    f-nd  Ar.ril   12,    19^5,    the 
Los  Angeles    '^curity  Flccd   Ccntrcl   District,    holder  cf  License 
Nc.lt,    conducted  v;eather  modification  project  rpersticns   rn 
its   ovTi  behr. If.      This  project  was   conducted   in  cr^ier   to    in- 
crease precipitation  at   certain  locations   in   the   San  Gabriel 
Mountains.      Equipment  v:rs   operated   in   areas   adjacent   tc    the 
drainage   areas    tributary   to  District-ovmed   darns.      The   target 
areas  v/ore   locate-:'    in   the   San   Gabriel   Kountrins   and  adjacent 
to    the   District-owned   dams,    extending   from  Pacoirna    Dam  on   the 
west   to    Thcrrnsrn  Creek   Dam  on   the   east.      Kountainrus   areas 
lying   generally  northwari   from   the   southern  foothills   of    the 
San  Gabriel  Mountains   betv/een  the   City   of   San  Fernando   and 
the   City   of  Claremont  were  possibly   affected  by   the  project. 

Before   initiating   operations,    the   Los   Angeles 
County  Flood   Control   District  considered    undertaking   measures 
to    reduce   the  possibility   of  an  artificial    precipitation    in- 
crease  in  areas    burned   between   19^2   rnd   196^.      However,    an 
evaluation  by   NoT'th  Ajiierican   Weather  Consultants   jndicated 
that   the   effects   of  seeding  would   be  miner  over   the   burned 
areas,    since    these  ar--^' r    ''ay   to    the  vest   of    the   target  area. 

Project  equinment   included   If   ground-based   propane 
generators   burning   a    ?%  solution  of   silver   iodine  and   dispers- 
ing  silvor   •'r;-!  :;o  at  a    ra'^e   rf   f   grams  r^er  hour  per   generator. 
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The  generators  were  located  mainly  to  the  south  of  the  tar- 
get area.   The  ground  generators  were  operated  for  1,270.R 
hours  during  the  project  period.   The  heaviest  seeding  acti- 
vity occurred  during  March  and  April,  when  two-thirds  of  the 
total  seasonal  generator-hours  v/ere  logged. 

An  evaluation  of  the  project,  prepared  by  North 
American  Weather  Consultants,  is  based  on  hourly  precipita- 
tion data  obtained  during  seeded  periods,  and  data  from  35 
Santa  Monica  rawinscnde  observations  made  at  the  same  time 
as  seeding  operations  in  the  San  Gabriel  fountains  were  con- 
ducted.  Precipitation  data  from  sixteen  rain  gages  in  or 
near  the  target  area  were  used.   Using  rawinscnde  data,  esti- 
mated normal  average  hourly  precipitation  amounts  for  stations 
in  the  San  Gabriel  Mountains  were  calculated  according  to 
quantative  formulae.   A  comparison  between  estimated  and  ob- 
served precipitation  indicated  the  effect  of  seeding  operations, 
The  evaluation  of  the  project  indicated  that  due  tc  seeding 
an  average  precipitation  increase  of  one  inch  occurred  in  the 
central  and  western  portions  of  the  target  area.   Apparently, 
no  increase  occurred  in  the  northeastern  portion.   Because 
sufficient  hourly  precipitation  data  were  not  avail? ble, 
evaluations  for  Pacoima  Canyon,  in  the  western  tip  of  the 
target  area,  and  Big  Pines,  northeast  of  the  target  area, 
were  not  completed. 
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KinRS  River  Weft  tr.er  I-iCdificf.  ticn  Prc^^ram 

Between  Octcber  27,  19''^^,  and  Arril  10^1'^'^ 5, 
A tr.c spherics  Inccrpcrrted,  holder  cf  License  Nr.23,  ccn- 
ducted  weather  rncdif icaticn  prr.'ect  cperr  tic  r.s  for  the  Kings 
River  Ccnservaticn  District.   This  pre Ject  was  ccnducted  in 
order  tc  increase  precij.itr ticn.   Equipn.ent  v/as  cper?!ted  in 
parts  cf  Fresno,  Tulare,  and  Inyc  Counties,  and  the  tarfot 
area  was  the  Kings  River  watershed  above  Pine  Flat  Reservoir. 
In  addition  tc  tne  target  area,  narts  cf  Fresno  and  Tulare 
Counties,  which  include  the  Kings  River  and  certain  tributa- 
ry streams  above  Pine  Flat  Reservoir,  were  possibly  affected 
by  the  prefect. 

Project  equipment  included  30  modified  Wells-Fuquay 
aspirator-type  propane  ground  generators  burning  a  2%   solu- 
tion cf  silver  iodide  in  acetone  at  about  if 50°  F  at  a  rate 
of  12  grams  cf  silver  icdide  per  hear  per  generator.   Gene- 
rator units  in  the  northern  portion  of  the  target  cves-   were 
placed  in  the  Wishon  Dain-3alch-Triir:r'.er-Piedra  area.   Those 
along  the  southern  boundary  of  the  tar^^et  area  v;ere  located 
on  Highv/ay  IfO  and  eastward  tc  Clierry  Gap,  which  is  slightly 
over  6,000  feet  in  elevaticn.   Other  generrtrrs  were  placed 
in  the  Kills  Valley-Badger-Pinehurst  area. 

Ninety-one  silver  icdide  impregnated  pyrctechnic 
devices  simdlar  tc  road  flares  were  used.   Each  unit  contain- 
ed 10  grams  of  silver  iodide  and  burned  fcr  10  minutes. 
These  pyrctechnic  devices  were  an  outgrov/th  of  brsic  research 
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conducted  by  the  Dr.  Vincent  Shaefer  Research  Expediticn  in 
Yellowstone  during  the  past  four  seasons.   Although  pyro- 
technic fusees  were  used  in  the  Kings  River  area  during  the 
1963-f^-  season,  their  use  was  expanded  during  the  19fh-65 
season.   Pyrotechnic  devices  v;ere  ignited  only  in  areas  along 
Highway  l80,  generally  near  the  cloud  base. 

A  twin-engine  Piper  Apache  aircraft,  enuipred  with 
de-icing  equipment  and  superchargers  for  high-altitude  all- 
weather  flying,  was  used  in  aerial  seeding.   The  aircraft  was 
a  valuable  supplement  to  the  grc und  generator  network  because 
the  placement  of  generators  in  locations  suitable  for  complete 
nuclei  coverage  is  haripered  by  the  presence  of  wilderness 
areas  within  the  Kings  River  watershed. 

A  total  of  21  storm  periods,  seven  in  December, 
occurred  in  the  nroject  area  between  October  1,  19^^,  and 
April  3O5  19^5.   By  rsaar,  most  of  these  storms  were  tracked 
across  the  San  Joaquin  Valley,  then  into  higher  mountain 
areas,  v;here  they  were  seeded.   Ground  generators  were  oper- 
ated during  almost  all  storm,  periods  for  a  total  of  1,9'^'+. 3 
hours,  dispersing  23,57?   grams  of  silver  iodide.   About  one- 
fourth  of  the  total  seasonal  generator-hours  v/ere  logged  in 
December,  and  almost  half  v;ere  logged  during  Karch  and  April. 
Pyrotechnic  fusees  used  on  the  ground  dispersed  2,630  gramis 
of  silver  iodide.   Pyrotechnic  devices  were  extensively  used 
during  January. 

The  aircraft  was  operated  for  5l.5  hours  during 
5^  flights,  dispersing  9^8  grams  of  silver  iodide  generally 
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between  clrud  base  and  the  -"f   C  level.   Twenty- two  flights 
were  made  "luring  Xoverber  and  December,  and  22  in  March  and 
April.   During  twc  cf  the  aircraft  flights,  a  total  cf  3£0 
pounds  cf  Dry  Ice  pellets  (CC2  crystals)  was  dispersed  at 
the  tcp  cf  individual  cumulifcrir.  clcud  types.   These  two 
flights  were  made  in  October  and  November, 

An  evaluation  by  Atmospherics  Incorporated  stated 
that  it  was  difficult  to  separate  effects  cf  grcu^.d-^enera- 
tcr  operations  frcrr^  these  of  aircraft  seeding.  However,  in 
a  nuiTiber  of  cases  aircraft  seeding  appeared  to  trigger  pre- 
ci'^itaticn  from  coriulus  formations  in  which  no  precipitation 
was  visible  at  initial  time  of  seeding.  Ground  generators 
were  usually  not  operated  in  such  cases.  Thus,  the  effects 
of  aircraft  seeding  v;ere  more  clearly  defined. 

According  to  the  evaluation,  a  statistical  analysis 
of  196U--65  stream  flow  figures  as  given  by  the  T^.s.  Geologi- 
cal Survey  indicates  no  apparent  precipitation  increase  due 
to  clcud  seeding.   The  Merced  River  m.easured  at  Pchcno  Bridge 
and  the  Kern  River  measured  at  Kernville  together  v.'ith  #3 
Canal  were  used  as  ccntrol  streams.   Due  to  thousand-year 
flood  ccnditicnp  on  the  Merced  River,  water  topping  the  Poho- 
no  Bridge  by  three  feet,  and  cloud  seeding  activities  in  the 
Kern  River  watershed,  the  evaluation  is  no  longer  considered 
valid. 

Evaluations  were  made  each  year  cf  the  eleven-year 
period  (1955-1965)  of  the  weather  modification  program. 
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Acccrding  tc  these  evr;.l  ur  ticns,  dead  seeding  produced  a 
tctp.l  apprrent  increrse  cf  7<^2,000  ncre-feet  in  Kinps  River 
flcv.   It  shculd  be  eirjph.rsi/^ed,  however,  thfit  becf  are  rdja- 
cent  v;esther  ir.rdif icrtirn  pro-'ects  vrere  conducted  on  control 
stre-TS,  AtP:o spheric?  Incorporrten  does  not  coiisider  the  eval- 
uations va3id  since  I'^'fh, 

A   portion  of  the  pro;iect  crr.prised  bspic  research 
under  a  cost-shnrinc  contract  between  the  National  Science 
Foundation  and  Atmospherics  Inccrpcrated,   This  research,  con- 
ducted in  the  watersheds  cf  the  Kern,  Tu]e,  Kaweah,  Kings,  San 
Joaquin,  and  Merced  Rivers,  consists  cf  "Physical  Studies  of 
Winter  Storm  Kechanisrns  as  Related  to  Cloud  Seeding  Efforts 
in  the  Sierra  Range  of  California".   The  research  effort  in- 
cludes tracking  both  natural  and  artificial  nuclei,  tj.-r.e- 
lapse  and  radar  photography,  air  potential  recordings,  con- 
densation nuclei  counts,  ten.pera ture  profiles,  ice  crystal 
replication,  and  wind  flow  studies.   Of  primary  iii.portance 
was  the  tracking  of  silver  iodide  plurnes  emitted  from  both 
grcund  generrtors  and  aircraft.   Some  results  of  this  re- 
search were  included  in  "Tracking  Silver  Iodide  Nuclei  under 
Orographic  Influence",  a  paper  presented  at  the  ?^th  National 
Meeting  of  the  American  Meteorological  Society  in  Rene,  Ne- 
vada, October  iP-??,  1965. 

Tulare  County  Weather  Modification  Pro.iect 

Between  December  P,  19^^,  and  April  11,  1965, 
Atmospherics  Incorporated,  holder  of  License  No. 21,  conducted 
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weather  modification  project  operations  for  the  County  of 
Tulare.   This  project  was  conducted  in  order  to  increase  pre- 
cipitation in  8  pcrtion  of  Tulr^re  County.   Cn  the  north  the 
project  area  is  bounded  by  the  Kings  River  drainage  between 
the  junction  of  Cover  Road  and  Highway  1^0,  and  Triple  Di- 
vide Peak;  cn  the  east  ani  scuth,  by  the  Tulpre  ccuty  line; 
on  the  west,  by  Highway  65  to  its  junction  v;ith  Highway  19?, 
and  an  imaginary  Tine  north  from  this  nrint  to  the  junction 
of  Cover  Road  and  Highway  180.   Equipment  was  operated  in 
parts  of  Fresno,  Tulrre,  Kings,  Kern,  and  Inyo  Counties. 

Project  equipment  comprised  a  twin-engine  Piper 
Apache  aircraft.   For  the  196^-65  season  distance  measuring 
equipment  was  installed  in  the  Piper  Anfcho,  making  it  pos- 
sible to  position  the  aircraft  r.ore  accurately.   Although 
seeding  capability  of  the  aircraft  system  includes  use  of 
silver  iodide,  Dry  Ice,  and  organic  riiaterials  and  other  agents 
used  primarily  for  experimental  purposes,  only  silver  iodide, 
dispersed  from  pyrotechnic  seeding  devices  in  the  aircraft, 
was  used.   A  total  of  2,650  grams  of  silver  icdir-e  was  dis- 
persed. 

During  the  twenty  storms  which  m.oved  through  the 
project  area  in  the  196^-65  season,  the  aircraft  made  ^.2   seed- 
ing flights.   While  most  seeding  flights  were  made  along  north- 
south  tracks  beyond  the  western  border  of  the  project  area, 
seeding  flights  were  occasionall.^^  mrde  within  the  project  area 
when  suitable  cloud  con.iitior.s  were  present  over  high  ele- 
vation areas  of  the  Kaweah  and  Tule  wrte=rsheds.   I-iany  flights 
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were  made  under  instrument  flight  rules  cr  in  storm  areas 
where  moderate  to  severe  icinc  and  turbulence  were  experi- 
enced.  Seeding  flight  tine  totalled  PoA  hours.   About  10^ 
of  the  flight  hours  were  logged  during  night  operations. 
More  thr.n  35^  of  the  total  seasonal  hours  of  seeding  occurred 
in  December,  and  about  half  in  March  and  April.   Although  the 
contract  period  began  on  November  15,  196^,  no  seeding  opera- 
tions v/ere  conducted  in  Ncvem.ber  due  to  lack  of  suitable 
storm  situations. 

A  portion  of  the  project  v.'as  conducted  as  a  basic 
research  effort  funded  by  the  National  Science  Foundation. 
This  phase  of  the  project  was  designed  to  study  southern 
Sierra  storm  miechanisms  and  their  relation  to  seeding,  and 
included  research  on  seeding  effects,  condensation  nuclei, 
freezing  nuclei,  tsr^perrture  profiles,  low-level  vnnd  pro- 
files, ice  crystal  types,  and  the  evaluation  of  radar  data 
and  use  of  tire-lapse  photographs.   Sixteen  research  flights 
v;ere  made  concerning  the  waterrheds  of  the  Merced,  San 
Joaquin,  Kings,  Kav/eah,  Tule,  Kern,  and  Owens  Rivers.   For 
one  of  the  phases  of  the  research  program,  the  investiga- 
tion of  dov/nwind  distribution  of  artificial  and  natural  ice 
nuclei  Jn  snov:  and  v;ater,  the  Southern  California  Edison 
Company,  the  Departm.ent  of  'Vater  rnd  Pcv^er  of  the  City  of 
Los  Angeles,  and  the  r.S.  Geological  Survey  aided  Atmos- 
pherics Incornorr- ted  in  the  procurement  of  sam.ples  from,  both 
sides  of  the  Sierra  Range. 

Accordin,"  to  a  nro;"ect  evaluation  bv  Atmcsnherics 
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Incorpcrated,  comperisons  of  percent  of  nrrmal  precipitation 
for  target  and  control  stations  for  the  196^-65  season  indi- 
cate a  precipitation  increase  of  lh.^%   within  the  project 
area.   Stream  flow  coripariscns  and  physical  studies  of  storms 
as  related  to  seeding  efforts  were  also  used  in  evaluating 
project  results.   Physical  studies  included  tracking  silver 
iodide  plumes  emitted  from  aircraft,  reduction  of  radar  data, 
time-lapse  photography  of  specific  cloud  types,  measurement 
of  condensation  nuclei,  and  studies  cf  effects  produced  by 
seeding,  and  of  temperature  profiles  cf  clouds  during  seeded 
and  non-seeded  periods. 

Upper  Santa  Ana  River  Watershed  V/eather  Modification  Pro.ject 

Between  November  9,  196U-,  and  April  9,  19^5,  the 
San  Bernardino  Valley  Kunicipal  Water  District,  holder  of 
License  No. 2?,  conducted  v;eather  modification  project  opera- 
tions on  its  own  behalf.   This  project  was  conducted  in  order 
to  increase  precipitation  in  the  upper  Santa  Ana  River  water- 
shed.  The  target  area  approximately  comprises  the  portion 
of  the  upper  Santa  Ana  River  watershed  within  San  Bernardino 
County.   The  target  area  contains  about  57^,000  acres,  and 
approximately  60^  of  this  area  lies  within  the  San  Bernar- 
dino National  Forest. 

About  half  of  the  tnrget  area  is  over  3jOOO  feet 
in  elevation.   The  northern  pcrtirn  of  the  prep,    bounded  by 
the  San  Bernardino  m.ountains,  reaches  elevations  of  more 
than  5,000  feet.   The  southwest  corner  of  the  target  area  has 
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an  elevation  of  less  than  1,000  feet.   Most  of  the  eastern 
portion  of  the  target  area  lies  above  the  3,000  foot  level, 
containing  areas  more  than  8,000  feet  in  elevation.   The 
Santa  Ana  River  and  its  tributaries,  Mill  Creek  and  City- 
Creek,  lie  in  the  eastern  portion  of  the  target  area. 

Equipment  was  operated  in  Los  Angeles  County, 
Orange  County,  the  southern  portion  of  San  Bernardino  County, 
and  the  western  portion  of  Riverside  County.   No  effect  on 
any  area  outside  the  target  area  was  forseen.   Project  equip- 
ment included  20  ground-based  generators  constructed  by  dis- 
trict personnel.   These  units  burned  a  solution  of  silver 
iodide  in  acetone  at  l800°  F  and  contained  two  100-pound 
propane  tanks  with  fuel  for  about  ^0  hours  of  seeding. 

Due  to  the  corrosive  effect  of  silver  iodide  solu- 
tion, steel  and  iron  generator  parts  have  a  life  of  only  one 
season.   Therefore,  stainless  steel  and  brass  were  used  for 
generator  parts  which  came  in  contact  with  the  solution, 
eliminating  failure  due  to  corrosion.   By  injecting  the  sil- 
ver iodide  into  the  burning  chamber  of  the  generator  under 
pressure  (5  pounds  per  square  inch),  the  problem  of  clogging 
in  the  mixing  nozzle  was  nearly  eliminated,  and  it  became 
possible  to  use  a  more  concentrated  silver  iodide  solution. 
Each  generator  was  equipped  with  a  pressure  regulator  for 
the  fuel  and  a  flow  meter  for  the  chemical  solution,  allow- 
ing adjustments  which  permitted  the  operator  to  regulate 
the  output  of  the  generator  and  to  control  the  size  of  the 
silver  iodide  crystals. 


2lf 


The  genera trrs  dispersed  silver  icdiae  at  ?.  rate 
cf  21  grams  per  hour  per  generetcr.   Generators  were  mainly 
leer  ted  within  the  tsrget  f.rea  and  tc  the  scathwest  of  the 
target  ?rea.   The  ground  generators  were  operated  for  ?,3f^6.7 
hours  during  the  project  period.  About  half  of  the  total 
seasonfl  generator-hours  were  logged  durir.g  Kovember  and  De- 
cember, and  approximately  hO%   during  March  and  April. 

No  statistical  analysis  of  the  project  was  i.'.ade. 
Kov/ever,  according  to  a  project  evaluation  by  the  San  Ber- 
nardino Valley  Municipal  Water  District,  an  estirPted  ;^verage 
precipitation  increase  of  10^  occurred,  increasing  runoff  in 
the  Santa  Ana  River  watershed  by  approxim.ately  7^,000  acre- 
feet.   Lake  Gregory,  Lake  Arrrwhead,  Green  Valley  Lake,  and 
Big  Bear  Lake,  all  located  in  the  San  Bernardino  National 
Forest,  received  benefits  from  the  seeding  program. 

Northern  Sierra  Mountains  Weather  I^odif ica tion  Pro.ject 

Betv/een  Ncvorfiber  21,  19^*+,  ^--na   Kay  21,  19^-5,  the 
Pacific  Gas  and  Electric  Company,  holder  of  License  No.  23, 
conducted  weather  modification  project  operations  on  its 
own  behalf.   This  project  was  conducted  in  order  to  increase 
high-level  snow  pack  and  subsequent  dry-season  runoff,  and 
to  gather  information  on  the  effectiveness  of  cloud  seed- 
ing.  Equiprr.ent  was  operated  in  Plumas,  Lassen,  anci  Tehama 
Counties.   The  target  area  was  the  drainage  basin  of  Lake 
Almanor,  Butt  Valley  Reservoir,  and  Mountain  Meadows  Reser- 
voir in  the  Northern  Sierra  Nevada  Mountains.   Areas  in  the 
counties  of  Plumas,  Lassen,  Shasta,  and  Tehama  were  also 
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possibly  r.ffected  Dv  the  prcject. 

Project  enuipment  included  six  high-elevaticn, 
radic-ccntrclled  gener; tcrs  vhich  burned  ?  scluticn  of  ace- 
tone, scdium  iodide,  rnd  silver  icdide.   Three  generrtcrs 
were  locrted  in  the  sr uthern  portion  rf  the  turret  area, 
two  southwest  of  the  trrf^et  frea,  and  cne  at  Stover  Moun- 
tain in  the  western  per  Lien  cf  the  tar£  et  area.   These 
ground  generators  were  operated  for  1,2^P.5  hours,  releas- 
ing 137,372  grams  of  silver  iodide  at  a  rate  of  F.^  grair.s 
per  hour  for  all  generators  ccrr^bined.   About  ^hfo   of  the  to- 
tal seasonal  generatrr-hrurs  were  logged  in  November  and 
December,  and  nearly  h-^%   in  March  and  April,   No  seeding 
cperatlcns  v/ere  conducted  during  January. 

Lake  Henshav;  Basin  Weather  Kcdification  Pro.iect 

Between  August  3  snd  September  3^,  19^5,  Vista 
Irrigation  District,  holder  of  License  No.  27,  conaucted 
v/eather  modification  project  operations  on  its  own  behalf. 
This  project  represents  the  beginning  of  a  three-year  ex- 
periraental  effort  tc  increase  precipitation  in  Lake  Hen- 
shaw  basin.   Equipr-.ent  was  operated  in  the  area  adjacent 
to  Henshaw  Dam  in  San  Diego  County.  An  area  adjacent  tc 
the  target  area  which  v/as  possibly  affected  by  the  project 
was  Warner  Ranch  in  the  County. 

The  electric  dischrrge  method  was  i;sed  for  the 
project.   Prr  ject  equinment  com.prised  a  transformer  which 
produced  a  20  to  50  kilcvolt  iirect  current  of  1  to  20 
milliamperes,  overcharging  from  two  thin  parallel  stainless 
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steel  wires  approximately  one  mile  in  length.   A  corona- 
effect  discharge  of  ions  which  acted  as  a  nucleation  agent 
was  produced.   The  electric  discharge  unit  was  operated  for 
a  total  of  376  hours  during  the  19(^h~f,^   season.   Operation 
of  the  unit  was  attempted  on  August  3  and  10,  but  was  un- 
successful due  to  defects  in  power  supply.   Actual  project 
operations  began  en  August  12.   The  unit  was  operated  daily 
for  the  entire  month  of  September.   Originally,  it  was  to 
operate  only  during  daylight  hours.   However,  experimenta- 
tion demonstrated  the  feasibility  of  continuous  operation  of 
the  unit,  weather  and  other  conditions  permitting. 

No  appreciable  rainfall  was  recorded  during  the 
period  the  unit  was  operated. 
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CHAPTER  III.    SUI'IMARY  OF  OPERATIONS 
During  the  196^-65  season,  eight  licensees  con- 
ducted 10  projects.   All  10  of  the  weather  modification  pro- 
jects were  conducted  to  increase  surface  storage  in  reser- 
voirs.. The  purpose  of  the  Santa  Clara  Cloud-Seeding  Program 
and  the  San  Benito  County  Weather  Modification  Project  was 
to  increase  ground  water  storage  as  well  as  surface  storage. 
In  addition  to  increasing  surface  storage  for  municipal  use 
and  irrigation,  the  Upper  Santa  Ana  Watershed  Weather  Modi- 
fication Project  also  benefitted  recreational  facilities 
within  the  San  Bernardino  National  Forest.   The  Kings  River 
Weather  Modification  Project,  the  Tulare  County  Weather  Mo- 
dification Project,  and  the  Lake  Henshaw  Basin  Weather  Modi- 
fication Project,  although  conducted  to  increase  surface 
storage  in  reservoirs,  included  research  efforts  as  well. 
Two  weather  modification  projects  were  conducted  in  order 
to  increase  runoff  upstream  from  hydroelectric  installations. 
These  projects  were  the  Upper  San  Joaquin  River  Basin  Weath- 
er Modification  Project  and  the  Northern  Sierra  Mountains 
Weather  Modification  Project. 

Most  of  the  10  v/eather  modification  projects  con- 
ducted during  the  196^-f^5  season  had  target  areas  located  in 
central  or  southern  California.   Six  project  tarfet  areas 
were  located  in  central  California  and  three  in  southern 
California.   One  project  target  area,  that  of  the  Northern 
Sierra  Mountains  Weather  Modification  Project,  was  located 
in  northern  California.   Locations  of  weather  modification 
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projects  in  California  are  shovm  on  ripte  1. 

The  period  of  most  extensive  weather  modification 
operations  comprised  the  months  October  through  April.   How- 
ever, one  licensee,  North  American  Weather  Consultants  of 
California,  extended  generator  operations  of  its  Upper  San 
Joaquin  River  Basin  Weather  Modification  Project  through 
May,  June,  and  July.   In  addition,  Vista  Irrigation  District 
conducted  operations  for  its  Lake  Henshaw  Basin  Weather  Mo- 
dification Project  only  during  August  and  September.   Some 
weather  modification  operations  thus  occurred  during  every 
month  of  the  196M— 65  season.   Days  of  cloud  seeding  for  each 
project  are  shown  in  calendar  form  on  Plate  2. 

The  heaviest  seeding  activity  according  to  monthly 
totals  of  days  of  seeding,  excluding  August  and  September, 
took  place  in  Novem.ber  and  December.   There  were  19  days  of 
seeding  in  November,  and  25  in  December.   Totals  of  over  10 
days  of  seeding  were  recorded  for  January,  March,  and  April, 
but  October  and  February  had  3  ^nd  6  days,  respectively. 
From  April  to  July,  monthly  totals  gradually  declined  from 
13  to  2,  respectively.   Although  17  days  of  seeding  occurred 
in  August  and  30  in  September,  these  monthly  totals  reflect 
operations  of  only  one  licensee,  Vista  Irrigation  District. 

A  total  of  151  days  of  seeding  occurred  during 
the  196^-65  season.   Seeding  from  ground-based  equipment 
occurred  on  all  recorded  days  of  seeding.   Of  the  total,  51 
days  of  seeding  from  both  ground-based  equipment  and  air- 
craft occurred,  and  for  100  days  only  ground-based  equip- 


32 


ment  was  operated.   Total  days  of  cloud  seeding  per  month, 
together  with  monthly  totals  for  ground-based  equipment  alone, 
and  ground-based  equipment  and  aircraft  are  shewn  in  Plate  3« 

A  total  of  15,239  hours  of  seeding  from  ground- 
based  equipment  occurred  during  the  19f)h-6^   season.   376  hours 
were  logged  during  Vista  Irrigation  District's  Lake  Henshaw 
Basin  Weather  Modification  Project,  in  which  the  electric  dis- 
charge method  was  used.   Ground-based  equipment  used  by  other 
licensees  comprised  generators  dispersing  silver  iodide. 

Seeding  from  ground-based  equipment  occurred  during 
every  month  cf   the  196^-65  season.   The  heaviest  seeding  from 
ground-based  equipment  according  to  monthly  totals  of  hours 
of  seeding  occurred  during  December,  March,  and  April.   There 
were  3,^87  hours  of  seeding  in  December,  3»020  in  March,  and 
3,616  in  April.   Substantial  monthly  totals  cf  hours  of  seed- 
ing were  logged  in  November,  January,  and  February,  when 
ground-based  equipm.ent  was  operated  for  1,89^  hours,  1,^+35 
hours,  and  8O8  hours,  respectively.   In  all  other  months, 
less  than  500  hours  per  month  of  seeding  from  ground-based 
equipment  occurred.   Total  hours  of  cloud-seeding  per  month 
from  ground-based  equipment  are  shown  in  Plate  h, 

A   total  of  267.1  hours  cf  seeding  from  aircraft 
was  logged  during  the  196^-65  season.   Seeding  from  aircraft 
occurred  in  the  months  October  through  April.  The  heaviest 
seeding  from  aircraft  according  to  monthly  totals  of  hours 
of  seeding  occurred  during  December,  when  92.5  hours  were 
logged.   October  and  February  had  totals  of  less  than  10 
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hours  each.   All  other  rncnths  in  v/hlch  seeding  frciri  eircroft 
occurred  had  totals  of  50.'+  tc  26.2  hours.   Total  hours  of 
clcud-seeding  per  jr.cnth  from  aircraft  are  shown  in  Plate  5. 

Seven  licensees  used  silver  iodide,  dispersed  from 
ground-based  generators,  aircraft,  or  pyrotechnic  fusees 
used  on  the  ground,  as  a  nucleation  a^^ent.   In  addition  to 
silver  iodide,  one  of  these  licensees,  Atmospherics  Incorpo- 
rated, dispersed  3^0  pounds  of  Dry  Ice  (CO2  crystals)  during 
its  Kings  River  V/eather  Modification  Project.   In  contrast, 
cne  licensee,  Vista  Irrigation  District,  used  the  electric 
discharge  method,  in  v;hich  ions  discharged  from  stainless 
steel  v/ires  act  as  a  nuclerfrn  agent. 

Weather  modification  nrcjects  are  summarized  in 
Table  2,  and  weather  modification  project  operations  are  sum- 
marized in  Table  3» 


3^ 


TABLE  1 

ACTIVE  WEATHER  MODIFICATION  LICENSES 
DURirC  OCTOBER  I96J+,  THROUGH  SEPTEMBER  I965 


License  : 
Number  : Licensee 


1        North  American  Weather  Consulteints 
Santa  Bsurbara  Municipal  Airport 
Goleta,  California   9301? 

5  Water  Resources  Development  Corporation 
kSD   South  Broadway 

Denver,  Colorado   80209 

6  Weather  Modification  Company 
San  Jose  Municipal  Airport 
San  Jose,  California   95110 

12        Precipitation  Control  Company  of  California 
105  Pierce  Street 
Taft,  California   93268 

1^        North  American  Weather  Consultants  of  California 
Santa  Barbara  Municipal  Airport 
Goleta,  California   93017 

18        Los  Angeles  County  Flood  Control  District 
2250  Alcazar  Street 
Los  Angeles,  California   9OO33 

21  Atmospherics  Incorporated 
3233  Mayfair  Drive 
Fresno,  California   93703 

22  San  Bernardino  Valley  Municipal  Water  District 
355  North  D  Street 

P.  0.  Box  llUii 

San  Bernardino,   California       92i4-02 

23  Pacific  Gas  and  Electric  Company 
2I+5  Market  Street 

San  Francisco,   California       9I+IO6 

2^  International  Weather  Control,   Inc. 

1+0  West  First  Street 
Suite  IOI+ 
Reno,   Nevada 

25  K.   R.   C.    Service  Corporation 
2956  C  Street 

San  Diego,   California       92102 

26  Santa  Clara  Valley  Water  Conservation  District 
151+20  Almaden  Road 

San  Jose,  California   95118 

27  Vista  Irrigation  District 
P.  0.  Box  1088 

Vista,  California   92083 
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PLATE   I 
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•TATE  OF  CALIFORNIA 

THE  RESOURCES  AGENCY 

DEPARTMENT    OF    WATER    RESOURCES 

STATrwiOr    PLANNING    OFflCf 

LOCATION  OF 

WEATHER   MODIFICATION   PROJECTS 

1964-65 
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Note: 

Pioiecl  areas  are  idenlitied  by  name  of  client,  as  listed  in  Table  2.  and 

a  pioiecl  numbci  consisting  ol  three  paits.  Fitst  part  indicates  license 
number:  second  -  the  water  year:  anii  third  -  tl\e  numerical  sequence  ol 
projects  undertaken  by  a  licensee 


6-65-1 
SANTA  CLARA  VALLEY 
WATER  CONSERVATION 

DISTRICT 

14-65-2 
SAN  BENITO  COUNTY 


\  14-65-1 

i  V     Sa.N^ALIFORNIA  EDISON  CO. 

2b65-i 

KINGS  RIVER 

CONSERVATION   DIST. 

\   ^.  2l-65-2\ 

^      TULARE  COUNT.Y 

2-65-1              '^<^ 
KERN  COUNTX "■. 

8-65-1  \-y 

LOS  ANGELES  COUNTY 
FLOOD  CONTROL  DIST. 


22-65-1  \ 

SAN  BERNARDINO  VALLEY    ■• 
MUNICIPAL  WATER   DIST.        N 


27-65-1 
VISTA  IRRIGATION 
DISTRICT 
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Plate  2  is  bound  at  the  end  of  the  volume, 
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PLATE    3 
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DAYS    OF  SEEDING   FROM    BOTH    GROUND  -  BASED 
EQUIPMENT    AND   AIRCRAFT 
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DAYS   OF    SEEDING    FROM    GROUND- BASED 
EQUIPMENT   ONLY 


OCT         NOV         DEC 


JAN        FEB         MAR        APR         MAY         JUN         JUL         AUG        SEPT 


TOTAL   DAYS  OF  CLOUD  -  SEEDING   PER   MONTH    IN   CALIFORNIA 
OCTOBER  I.  1964  -   SEPTEMBER  30,  1965 

Note:   A  total  of  151  days  of  seeding  occured  during  the  1964-65 
season. 
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Note-  These  hours  were  logged  during  51  days    of   seeding 
fronn  aircraft  . 
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APPENDIX   A 

STATUTES  PERTAINING  TO  ADMINISTRATION 

OF  WEATHER  MODIFICATION  PROJECTS  IN  CALIFORNIA 

(Sections  400-415,   Chapter  4,   Division  1,   Water  Code) 
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CHAPTER  4.      REGULATION  OF  RAIN-MAKING  AND  RAIN-PREVENTION 

(Chapter  4  added  by  Statutes  of  1953,   Choptei   139, 
as  pai  t  of  codification) 


400.     The  public  i,iterest,   health,   safety,   welfare,   and  necessity 
require  that  scientific  experimentation  in  the  field  of  artificial  nucleation,  and 
that  scientific  efforts  to  develop,   increase,  and  regulate  natural  precipitation 
be  encouraged,   and  that  means  be  piovided  for  the  regulation  and  control  of 
interference  by  artificial  means  with  natural  precipitation  of  rain,   snow, 
moisture,   or  water  in  any  form  contained  in  the  atmosphere,    within  the  State, 
in  order  to  develop,  conserve,  and  protect  the  natural  water  resources  of  the 
State    and   to  safeguard  life  and  property. 

401  .    As  used  in  this  chapter: 

(a)  "Department"  means  the  Depaitmtnt  of  Water  Resources. 

(b)  "Person"  means  any  person,   firm,   association,   organization, 
partnership,   company,   corporation,    private  or  public,   county,   city,   city  and 
county,   district,   or  other  public  agency. 

(As  amended  by  Stats.   1959,  Ch.   1269) 

402.  No  person,   without  first  securing  a  license  from  the   department, 
shall  cause  or  attempt  to  cause  condensation  or  precipitation  of  rain,   snow, 
moisture,   or  water  in  any  form  contained  in  the  atmosphere,   or  shall   prevent  or 
attempt  to  prevent  by  artificial  means  the  natural  condensation  or  precipitation 
of  atmosphere . 

403.  Any  person  desiring  to  do  any  of  the  acts  specified  in  Section  402 
may  file  with  the  department  an  application  in  writing  for  a  license.     Each 
application  shall  be  accompanied  by  a  filing  fee  fixed  by  the  department  with 
the  approval  of  the  Department  of  General  Services  but  not  to  exceed  fifty 
dollars  ($50)  and  shall  be  on  a  form  to  be  supplied  for  such  purpose  by  the 
department. 

(As  amended  by  Stats.  1965,  Ch.  371) 

404.  Every  application  shall  set  forth  all  of  the  following: 

(a)  The  name  and  post-office  address  of  the  applicant. 

(b)  The  previous  education,    experience,   and  qualifications  of  the 
applicant,   or,    if  the  applicant  is  other  than  an  individual,    the  previous 
education,   experience,  and  qualifications  of  the  persons  who  will  be  in  control 
of  and  charged  with  the  operations  of  the  applicant. 

(c)  A  general  description  of  the  operations  which  the  applicant 
intends  to  conduct  and  the  method  and  type  of  equipment  that  the  applicant 
proposes  to  use . 

(d)  Such  other  pertinent  information  as  the  department  may  require. 
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405.  Upon  the  filing  of  the  application  upon  a  form  supplied  by 
the  defxirtment  and  containing  the  information  prescribed  by  this  chapter 
and  accompanied  by  the  required  filing  fee  the  department  shall  issue  a 
license  to  the  applicant  entitling  the  applicant  to  conduct  the  operations 
described  in  the  application  for  the  calendar  year  for  which  the  license  is 
issued,  unless  the  license  is  sooner  revoked  or  suspended. 

406.  A  license  may  be  renewed  annually  upon  application  to  the 
department,  accompanied  by  a  renewal  fee  fixed  by  the  department  with  the 
approval  of  the  Department  of  General  Services  but  not  to  exceed  twenty- five 
dollars  ($25),  on  or  before  the  last  day  of  January  of  the  calendar  year  for 
which  the  license  is  renewed. 

(As  amended  by  Stats.   1965,  Ch.  371) 

407.  Prior  to  undertaking  any  operation  authorized  by  the  license 
the  licensee  shall  file  with  the  department  and  cause  to  be  published  a  notice 
of  intention.    The  licensee  shall  then  confine  his  activities  for  that  operation 
substantially  within  the  time  and  area  limits  set  forth  in  the  notice  of  intention. 

408.  The  notice  of  intention  shall  set  forth  ell  of  the  following: 

(a)  The  name  and  address  of  the  licensee. 

(b)  The  nature  and  object  of  the  intended  operation  and  the  person 
or  persons  on  whose  behalf  it  is  to  be  conducted. 

(c)  The  area  in  which  and  the  approximate  time  during  which  the 
operation  will  be  conducted. 

(d)  The  area  which  will  be  affected  by  the  operation  as  near  as  the 
same  may  be  determined  in  advance. 

409.  The  licensee  shall  cause  the  notice  of  intention  to  be  published 
pursuant  to  Section  6063*  of  the  Government  Code  in  a  newspaper  having  a 
general  circulation  and  published  within  any  county  wherein  the  operation  is  to 
be  conducted  and  in  which  the  affected  area  is  located,   or,    if  the  operation  is 

to  be  conducted  in  more  than  one  county  or  if  the  affected  area  is  located  in  more 
than  one  county  or  is  located  in  a  county  other  than  the  one  in  which  the  operation 
is  to  be  conducted,    then  such  notice  shall  be  published  in  like  manner  in  a  news- 
paper having  a  general  circulation  and  published  within  each  of  such  counties.     In 
case  there  is  no  newspaper  published  within  the  appropriate  county,    publication 
shall  be  made  in  a  newspaper  having  a  general  circulation  within  the  county. 
(As  amended  by  Stats.  1955,  Ch.  482,  and  by  Stats.  1957,  Ch.  448) 

410.  Proof  of  publication  shall  be  filed  by  the  licensee  with  the  deparhnent 
within  15  days  from  the  date  of  the  last  publication  of  the  notice.     Proof  of  publica- 
tion shall  be  by  copy  of  the  notice  as  published  attached  to  and  made  a  part  of  the 
affidavit  of  the  publisher  or  foreman  of  the  newspaper  publishing  the  notice. 


A  copy  of  Government  Code  Section  6063  follows  Section  415 
of  the  Water  Code  in  this  appendix. 
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41  1  .  Every  licensee  shall  keep  and  maintain  a  record  of  all  operations 
conducted  by  him  pursuant  to  his  license  showing  the  method  employed,  the 
type  of  equipment  used,  the  times  and  places  of  operation  of  the  equipment, 
the  name  and  post-office  address  of  each  person  participating  or  assisting  in 
the  operation  other  than  the  licensee,  and  such  other  information  as  may  be 
required  by  the  department,  and  shall  report  the  same  to  the  department  immed- 
iately upon  the  completion  of  each  operation. 

412.  Each  licensee  shall  further  prepare  and  maintain  an  evaluation 
statement  for  each  operation  which  shall   include  a  report  as  to  estimated 
precipitation,   defining  the  gain  or  loss  occurring  from  nucleation  activities, 
together  with  supporting  data  therefor.     This  statement,   together  with  such 
other  pertinent  information  as  the  department  may  require,   shall  be  sent  to  the 
department  upon  request  by  the  department. 

413.  Notwithstanding  any  provision  of  this  chapter  to  the  contrary, 
the  department  may  grant  a  licensee  permission  to  undertake  an  emergency 
nucleation  project,    without  compliance  by  the  licensee  with  the  provisions  of 
Sections  407  to  410,    inclusive,    if  the  same  appears  to  the  department  to  be 
necessary  or  desirable  in  aid  of  extinguishment  of  fires. 

413.5.     Notwithstanding  any  provision  of  this  chapter  to  the  contrary, 
upon  request  of  the  board  of  supervisors  of  a  county  or  of  the  governing  body  of 
a  city  or  a  public  district  of  the  State,  and  upon  the  submission  of  such  support- 
ing evidence  as  the  department  may  require,   the  department  may  grant  a 
licensee  permission  to  undertake  a  nucleation  project  for  the  purpose  of  alleviat- 
ing a  drought  emergency,   without  prior  compliance  by  the  licensee  with  the 
provisions  of  Section  407  requiring  publication  of  notice  of  intention,    if  such 
project  appears  to  the  department  to  be  necessary  or  desirable.     Nothing  con- 
tained in  this  section  shall  be  construed  as  to  relieve  the  licensee  in  such  case 
from  compliance  with  the  provisions  of  Sections  407  to  410,    inclusive,   requiring 
publication  of  notice  of  intention  and  filing  of  proof  of  such  publication,  as  soon 
after  the  granting  of  permission  by  the  department  as  is  practicable. 

(Added  by  Stats.  1955,  Ch.  1399) 

414.  Any  license  may  be  revoked  or  suspended  if  the  department  finds, 
after  due  notice  to  the  licensee  and  a  hearing  thereon,   that  the  licensee  has 
failed  or  refused  to  comply  with  any  provisions  of  this  chapter.     The  proceedings 
herein  referred  to  shall  be  conducted  in  accordance  with  the  provisions   of  the 
Administrative  Procedure  Act,   Chapter  5,    Part  1,    Division  3,    Title  2  of  the 
Government  Code  and  the  department  shall  have  all  the  powers  granted  therein. 

415.  Any  person  who  violates  any  provision  of  this  chapter  is  guilty  of 
a  misdemeanor. 
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SECTION  6063  OF  THE  GOVERNMENT  CODE 


6063.     Publication  of  notice  pursuant  to  this  section  shall  be  once  a 
week  for  three  successive  weeks.     Three  publications  in    a  newspaper  regularly 
published  once  a  week  or  oftener,   with  at  least  five  days  intervening  between 
the  respective  publication  dates  not  counting  such  publication  dates,   are 
sufficient.     The  period  of  notice  commences  upon  the  first  day  of  publication 
and  terminates  at  the  end  of  the  twenty- first  day,    including  therein  the  first 
day. 

(Added  by  Stats.   1949,   Ch.    1587;  as  amended  by  Stats.   1957,   Ch.    1670, 
and  by  Stats.   1959,  Ch.  954) 
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APPENDIX  B 

FEDERAL  REGULATIONS  PERTAINING 
TO  WEATHER  MODIFICATION 
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Title  45— PUBLIC  WELFARE 

Chapter  VI — Notional  Science 
Foundation 

PART  635— KEEPING  Of  RECORDS 
AND  FURNISHING  OF  REPORTS  IN 
CONNECTION  WITH  WEATHER 
MODIFICATION   ACTIVITIES 

Avthohitt:  The  provUlons  of  Uil«  Part 
63S  luued  under  73  SUt.  363  and  sec.  11(a), 
S4SUU  U9.  163. 

§  635.1      Purpose. 

The  purpose  of  this  part  Is  to  develop 
InTormation  for  use  In  carrying  out  the 
responsibility  of  the  National  Science 
Foundation  to  support  a  program  of 
study,  research  and  evaluation  in  the 
field  of  weather  modification  as  author- 
ized by  the  National  Science  Foundation 
Act  of  1950.  as  amended.  Section  14(f) 
of  the  Act  authorizes  the  Director  of  the 
Foundation  to  obtain,  by  regulation,  sub- 
poena, or  otherwl.se.  such  information  in 
the  form  of  testimony,  boolts.  records,  or 
other  writings,  to  require  the  keeping  of 
or  furnishing  such  reports  and  records, 
and  to  make  such  inspections  of  the 
books,  records,  and  other  writings  and 
premises  or  property  of  any  person  or 
persons  as  may  be  deemed  necessary  or 
appropriate  by  him  to  carry  out  this 
responsibility,  where  adequate  and  au- 
thoritative data  is  not  available  from  any 
Federal  agency.  The  Information  re- 
quired under  this  regulation  Is  not  so 
available  and  therefore  must  be  obtained 
from  Individuals  and  organizations  en- 
gaged In  weather  modification  activities. 

§  635.2      Application  of  part. 

This  part  applies  to  any  person,  and 
to  any  organization,  whether  commer- 
cial or  nonprofit,  engaged  in  or  intend- 
ing to  engage  in,  any  weather  modifica- 
tion activity  (including  research)  in- 
tended to  m(>dify  the  atmosphere  through 
artificial  means.  Such  activities  Include, 
but  are  not  limited  to,  any  of  the  follow- 
ing: 

(a)  Intentional  seeding  of  clouds  and 
fog  to  alter  drop  size  distribution,  pro- 
duce Ice  crystals,  produce  r  .■.gulation 
of  droplets,  or  in  any  way  to  Influence 
the  natural  development  cycle  of  the 
cloud  or  its  environment  by  dispersing 
into  it  any  material  or  gas  such  as  silver 
iodide,  lead  Iodide,  carbon  black,  dry  ice, 
ammonia,  etc. 

(b)  Intentional  Initiation  of  large  heat 
sources  or  fires  to  influence  convectlve 
circulation  or  evaporate  fog. 

(c)  Intentional  modification  of  solar 
radiation  exchange  of  the  earth  or  clouds 
through  the  release  of  gases,  dusts,  liq- 
uids, or  aerosols  into  the  atmosphere. 

(d)  Intentional  modirication  of  the 
energy  transfer  characteristics  of  the 
earth's  land  or  water  surface  by  dusting 
with  powders,  liquid  sprays,  or  dyes. 

(e)  Intentional  relea.se  of  electrically 
charged  particles,  radioactive  particles 
or  Ions  Into  the  atmosphere  to  alter  its 
electrical  field  pattern  or  produce  local- 
ized electrical  field  anomalies. 

(f)  Intentional  application  of  shock 
waves,  sonic  energy  sources,  or  other 
explosive  or  acoustic  sources  to  the  at- 
mosphere to  Influence  cloud  growth,  dis- 
sipation, or  precipitation  patterns. 

S  635.3      HcportinK  requirement*. 

(a)  Prior  notice.  Each  Individual  or 
organization  Intending  to  engage  in  any 
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weather  modification  activity  on  or  after 
February  1,  1966,  shall  give  not  less  than 
30  days  advance  notice  to  the  Founda- 
tion of  intention  to  engage  in  such  ac- 
tivity. Such  notice  will  be  submitted  on 
a  Foundation  report  form,  copies  of 
which  will  be  made  available  upon  re- 
quest from  the  National  Science  Founda- 
tion, Washington.  DC.  20550.  Where 
Intention  to  engage  in  a  weather  modi- 
fication activity  develops  less  than  30 
days  prior  to  the  planned  activity,  the 
required  report  shall  immediately  be 
forwarded  to  the  Foundation  by  airmail 
and  shall  be  accompanied  by  a  state- 
ment explaining  why  the  30-day  require- 
ment could  not  be  met. 

(b)  Activity  reports.  After  the  weath- 
er modiflcatlon  activity  reported  pur- 
suant to  §  635.3(a)  of  this  section  has 
commenced,  each  person  or  organization 
engaged  in  such  activity  shall  submit  to 
the  Foundation  an  activity  report  on  field 
operations  on  a  quarterly  basis.  This 
report  will  be  submitted  on  the  form  re- 
ferred to  in  S  635.3(a)  of  this  section. 

§  635.4      Maintenance  of  logs. 

Each  individual  or  organization  en- 
gaging in  a  weather  modiflcatlon  activity 
shall  maintain  a  daily  log  of  such  ac- 
tivity. The  log  shall  contain  all  relevant 
facts.  Including  the  following: 

(a)  Daily  Log  of  Ground  Weother 
Modification  Activities  (including  Seed- 
ing Releases) : 

(1)  When  readily  available  to  project 
persoruiel  during  observational  period, 
description  of  meteorological  situation 
In  target  area  and  control  area  such  as 
types  of  clouds,  percent  cloud  cover, 
temperature,  humidity,  appearance  of 
lightning,  hail,  funnel  clouds,  severe 
rain,  snow  and  unusual  radar  patterns 
should  be  recorded. 

(2)  Quantitative  measurements  of 
precipitation  obtained  from  nonfederally 
operated  sources  such  as  rain  gauges, 
snow  pillows,  radar,  optical  transmis- 
someters  and  streamflow  gauges,  In 
target  and  control  areas. 

(3)  Any  pertinent  remarks  on  un- 
usual results  or  significant  events  in  the 
progress  of  the  project  should  be  en- 
tered In  the  log  if  they  would  contribute 
significantly  to  the  technical  evaluation 
of  the  project. 

(4)  In  the  case  of  the  operation  of  a 
ground  silver  Iodide  generator  or  other 
dispenser  of  particles,  aerosols  or  gases, 
the  dally  log  shall  include: 

(1)  Location  of  each  weather  modi- 
fication device  or  generator  in  use. 

(ii)  Name  of  Individual  responsible  for 
turning  each  weather  modification  de- 
vice or  generator  on  or  off. 

(Ill)  Time  each  weather  modiflcatlon 
device  or  generator  was  turned  on  and 
turned  off. 

(Iv)  Basis  or  criteria  for  turning  on 
or  off  each  weather  modiflcatlon  device 
or  generator. 

(v)  Type  of  material  dispersed  by 
each  weather  modiflcatlon  device  or 
generator. 

(vl)  Rate  of  material  release  of  each 
weather  modiflcatlon  devl<:e  or  gen- 
erator during  operation. 


(vil)  Total  material  released  by  each 
wcailiT  modification  device  or  gcner- 
.ilor  durin';  each  operational  period. 

1 1))  Daily  Log  of  Airborne  or  Mobile 
Weather  Modiflcatlon  Activities  (includ- 
lir:  Seeding  Releases)  : 

(1)  Comi)lctc  log  of  each  aircraft 
ill  •lit  or  mobile  generator  run  Including, 
l<iit  not  necessarily  limited  to,  ground 
track,  altitude,  air  speed,  times  over 
tlicrk  point',  release  points  of  seeding  or 
other  charges,  temperature,  average 
Wind  direction  and  speed  at  release  alti- 
tude, and,  for  aircraft,  specify  type  of 
aircraft,  airport  or  airports  used  and 
names  of  crew  members. 

(2)  All  other  pertinent  information  as 
llilcd  above  for  ground  weather  modlfl- 
cntion  activities. 

S  635.5      Kricniion  of  rcrunls. 

Records  required  to  be  maintained  by 
tills  p.irt,  including  logs,  shall  be  avail- 
.-il)lc  for  in.spection  upon  request  of  the 
National  Science  Foundation  for  a 
jjcriod  of  not  less  than  5  years  after 
the  date  of  entry.  Such  records  shall 
not  be  required  to  be  produced  at  any 
pl.ice  other  than  the  place  where  nor- 
mally kept,  provided  a  ti-ue  copy  of  such 
record  is  made  available  to  the  Founda- 
tion, as  may  be  requested,  or  there  is 
agreement  as  to  the  information  con- 
tained therein. 

§  63.5.6      Ui.sclosurc  of  information. 

Information  developed  as  a  result  of 
the  reporting  procedures  set  forth  herein 
shall  be  made  publicly  available  on  a 
periodic  basis  by  tlie  Foundation.  This 
information  will  not  include  trade 
secrets  or  other  data  required  to  be  kept 
confidential  under  section  1905  of  Title 
18  of  the  United  States  Code,  except 
where  the  Director  of  the  Foundation 
determines  that  the  withholding  of  such 
Information  would  be  contrary  to  the 
purposes  of  sections  3(a)  (9)  and  14  of 
the  National  Science  Foundation  Act  of 
1950.  as  amended.  Individuals  and  or- 
ganizations reporting  weather  modifi- 
cation activities  may  request  that  in- 
foiination  which  they  consider  to  be 
Included  within  the  scope  of  18  U.S.C. 
1005  be  withheld  from  public  dis- 
closure and  the  Foundation  will  give  due 
consideration  to  granting  such  requests. 

§  633.7      Penalty. 

Any  person  willfully  failing  to  meet 
the  requirements  lm|)osed  by  this  regu- 
lation .shall,  upon  conviction,  be  fined 
not  more  than  $500. 

Effective  date.  This  part  shall  become 
effective  on  January  1. 1966. 

Dated:  December  21. 1965. 

Lelano  J.  Hawortk. 

Director, 
National  Science  Foundation. 

[ra,.    Doc.    6A-1SS70:    FUcd.    Deo.    38.    1966; 
8:4»a.m.| 
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